abstract
Although BMI (kg/m 2 ) is widely used as an index of body fatness, it is a measure of weight relative to height rather than of adiposity. BMI cannot distinguish between body fatness, muscle mass, and skeletal mass, and its use can result in large errors in the estimation of body fatness. 1 The weight and height changes that occur during growth (ages 5-18 years) result in substantial (ϳ50%) increases in BMI, further complicating the interpretation of this index among children and adolescents. For example, increases in the BMI levels of boys during adolescence seem to be largely the result of increases in fat-free mass rather than body fatness. 2 BMI has been characterized as being "almost useless as an estimator of percentage of body fat in normalweight children," 3 but much evidence indicates that a child with a high BMI relative to his or her gender and age peers (BMI for age) is likely to have excess body fatness. In this review we focus on the relation of childhood BMI to body fatness and health risks, particularly on the ability of a high BMI level to correctly identify a child with excess body fatness. In addition, we examine whether these associations differ according to race/ethnicity and whether skinfold and circumference measurements provide additional information on body fatness or health risks.
The term "obesity" is frequently used to refer to a high BMI among adults and children, 4, 5 and the adult cut point for obesity (BMI Ն 30 kg/m 2 ) is approximately the 95th percentile of BMI for age among 19-year-old boys and 17-year-old girls in the Centers for Disease Control and Prevention (CDC) reference population 6 (an SAS program for the CDC growth charts is available at www.cdc.gov/nccdphp/ dnpa/growthcharts/resources/sas.htm). Although there are several reasons to prefer this terminology, 5 it can create confusion between high levels of BMI and high levels of body fatness. Because a main goal of this review is to quantify the ability of a high BMI (excess weight) to identify children who have a high level of body fatness, we specify the BMI cut points (eg, BMI for age Ն95th CDC percentile) that are used to classify overweight and obese children in addition to the descriptive terms. A high level of body fatness is termed "excess body fatness."
CHILDHOOD BMI AND BODY FATNESS

Measurement of Body Fatness
Although an ideal measure of body fatness would be accurate, precise, and accessible, with widely available population data, no existing measure satisfies all these criteria. 7 Reference methods are expensive and can be inaccessible, and the simpler, widely used anthropometric methods can be inaccurate. 3 The 4-compartment model, which incorporates independent estimates of mineral, total body water, body density, and body weight, is widely viewed as the most accurate method for calculating body fatness, 8 but it is time consuming, expensive, and available at few locations.
Although the initial costs are high, the speed and low operating costs of dualenergy radiograph absorptiometry (DEXA) has led to its use as a reference method in many studies that have examined the screening ability of BMI. These estimates of fat mass are highly correlated with those from 4-compartment models, but can be influenced by several factors including the hydration of the subjects and the equipment manufacturer, which creates the potential for systematic biases and large errors for a single subject. 3, [8] [9] [10] A bias would not influence the relative ranking of subjects, but it could influence the proportion of children who are classified as having excess body fatness; this, in turn, would influence the ability of a high BMI to correctly identify children with excess fatness (positive predictive value). In addition, random errors in DEXA-estimated body fatness would reduce the (apparent) screening performance of BMI.
Body fatness is usually standardized for body weight and expressed as percent body fat [fat mass (kg)/body weight (kg)], but an alternative is to express fat mass relative to height squared. This leads to the use of fat mass index (FMI) (fat mass/height squared) and the fat-free mass index (FFMI) (fat-free mass/height squared). 11, 12 Because FMI ϩ FFMI ϭ BMI, the use of these indices allows one to easily assess whether BMI differences (between subjects, ages, or time periods) are a result of fat or fat-free mass.
Although excess body fatness among children would ideally be defined on the basis of disease risk, this may be difficult. Almost all studies of health outcomes have examined the effects of excess weight rather than body fatness, and longitudinal studies spanning many decades would be necessary to have childhood body-fatness cut points to be based on associations with clinical outcomes. Furthermore, because the relation of childhood body fatness to disease outcomes is likely to be influenced by adult levels of body fatness, it would be necessary to have multiple measurements of body fatness throughout life. Even among adults, a World Health Organization expert committee concluded that "there is no agreement about cutoff points for the percentage of body fat that constitutes obesity." 13 The derivation and use of various cut points for excess body fatness are discussed below in "Classification of Excess Body Fatness."
Anthropometry
Anthropometry is a widely used, inexpensive method for assessing body fatness, but it can be inaccurate. The most frequent measurements are weight and height, and these are usually combined as weight/height p ; the power "p" can be chosen to minimize the correlation with height or to maximize the correlation with body fatness. BMI is a power index with p ϭ 2.
Various skinfold and circumference (particularly the waist) measurements have also been used to assess fatness or fat distribution, but the errors associated with these measurements are larger than for weight and height. 14, 15 (The use of self-reported weight and height may result in biased and imprecise estimates of BMI 16 and will not be discussed in this review.) Furthermore, it is uncertain if skinfold or circumference measurements provide a substantial amount of additional information on body fatness or health risks if BMI for age is already known (see "Additional Information From Skinfolds and Circumferences").
Despite its widespread acceptance among adults, the use of BMI among children has sometimes been questioned because of its moderate association with height during growth and development (r ϳ 0.3 after adjustment for age). However, height is correlated with the body fatness of children, 7, 17 and the higher BMIs of taller children correctly identify their increased fatness. Furthermore, the correlation between childhood BMI and body fatness is close to the maximum that is possible for any power index, 17, 18 and childhood BMI is more strongly correlated with adult skinfold thicknesses than are other weight-height indices. 17, 19 
BMI-Classification Systems
Although BMI cut points of 25 and 30 kg/m 2 are used to identify adults who are at increased risk for various diseases, the large increases in BMI that occur during growth and development require a "high" BMI to be defined relative to other children of the same gender and age. (Because body fatness also changes substantially with age, "excess body fatness" is also typically defined relative to a child's peers.) The use of a reference population to classify gender-and age-specific levels of BMI allows one to examine secular trends and compare the prevalence of overweight and obesity among children and adolescents across populations.
There is a "confusing multiplicity of child and adolescent obesity rates" in the literature, 20 largely based on the use of different reference populations and different percentile (or z-score) cut points. The 2 most widely used classification systems for BMI levels among children are the CDC growth charts 21 and the International Obesity Taskforce (IOTF) cut points. 4, 22 Both classifications are based on crosssectional, gender-specific distributions of BMI levels according to age, with the cut points for high BMI levels based on somewhat arbitrary decisions. The 85th and 95th percentiles of BMI for age are used in the CDC growth charts, and the IOTF classification used BMI levels at age 18.0 years (rather than at other ages) to represent levels among adults.
The CDC growth charts were based on data from 4 nationally (US) representative surveys of children and adolescents conducted from 1963-1965 to 1976 -1980; 2-to 5-year-olds who were examined in 1988 -1994 were also included in these growth charts. 7, 21 BMI levels were expressed as genderspecific BMI-for-age z scores (SD scores) and percentiles, which allow the BMI of any child to be expressed relative to this reference population.
Most investigators now classify children who have a BMI for age at Ն95th percentile of this reference population as obese, and children with BMI levels between the 85th and 94th percentiles as overweight. (These 2 BMI-for-age categories had originally been termed "overweight" and "at risk for overweight." 23, 24 ) Older adolescents with a BMI at Ն25 kg/m 2 (ϳ85th percentile at ages 16 -17 years in the reference population) are also considered to be overweight, whereas those with a BMI at Ն30 kg/m 2 (ϳ95th percentile at ages 17-19 years) are also considered to be obese. These cut points were not based on associations with disease outcomes, but subsequent studies have shown that a high BMI for age is associated with increased body fatness, adverse levels of metabolic risk factors, and high levels of adult BMI. 25, 26 On the basis of these cut points, 17% of 6-to 19-year-olds in the United States were obese in 2005-2006, and another 16% were overweight.
The IOTF cut points, based on data from 6 countries (including the United States), linked BMIs of 25 kg/m 2 (adult overweight) and 30 kg/m 2 (adult obesity) at age 18.0 years to BMIs at younger ages. 4 An 18-year-old boy in the United States with a BMI of 30 kg/ m 2 , for example, was at the 96.7th percentile, and the corresponding z score (1.84) was used as the cut point for obesity between the ages of 2.0 and 17.5 years. The estimated cut points for overweight (IOTF-25) and obesity (IOTF-30) were then averaged across the 6 countries. Although this classification linked childhood BMI cut points to the adult classifications, if the distribution of BMIs at ages 25 or 30 years (rather than age 18.0 years) had been used, the prevalence of childhood overweight and obesity would be increased, because the adult BMI distribution would have been shifted toward higher values. Furthermore, the data used to derive these BMIs are largely from high-income countries.
Despite differences in the development of these 2 classification systems, the BMI levels corresponding to the IOTF-25 and 85th CDC percentile cut points are similar between the ages of 6 and 17 years. The IOTF-30 cut points are higher than the 95th CDC percentile and roughly correspond to the 97th CDC percentile among school-aged children. At younger ages (2-5 years), the CDC cut points are lower than the IOTF cut points, possibly reflecting the smaller secular increase in the BMI levels of preschool-aged (versus school-aged) children in the United States. 27 Differences in the BMI cut points used in these 2 classification systems to identify the highest BMI category (IOTF-30 versus 95th CDC percentile) can complicate comparisons across studies. 20, 22, 28 The 99th percentile of BMI for age in the CDC growth charts has been suggested as a possible cut point for severe obesity, 26 identifying children who are at very high risk for severe adult obesity, excess body fatness, and biochemical abnormalities. However, the underling parameters 29 of the CDC growth charts were based on 10 selected percentiles of BMI for age (according to gender) between the 3rd and 97th percentiles, and it can be problematic to use these parameters to estimate the 99th percentile. For example, as compared with the 99th percentile of BMI in the CDC reference population, the 99th percentile estimated from the growth-chart parameters may be too low (ϳ98th percentile in this reference population) among younger children and too high (ϳ99.5th percentile) among older adolescent girls. It may be best to classify severe obesity among children by a BMI at or above (1) either the CDC 99th percentile or 35 kg/m 2 (class 2 adult obesity), (2) 120% of the CDC 95th percentile, or (3) 112% of the CDC 97th percentile.
Classification of Excess Body Fatness
Because of the lack of longitudinal data on the relation of body fatness among children to disease risk in adulthood, some investigators have derived cut points for excess body fatness among children from crosssectional associations with metabolic risk factors. [30] [31] [32] (Associations with metabolic risk factors are discussed below in "Childhood BMI and Health Risks.") Of these classifications, the most widely used is based on the relation of skinfold-estimated percent body fat to adverse levels (upper quintile for a child's race, gender, and age) of lipids and blood pressures in the Bogalusa Heart Study. 30, 33 The proposed cut points for excess body fatness differed according to gender (25% body fat among boys, 30% among girls) but not according to age among these 5-to 18-year-olds.
Although it is appealing to use a single cut point to identify children who have excess body fatness at all ages, a single cut point is unlikely to be optimal. An age-invariant cut point cannot account for the changes in body fatness that occur during growth and development and for age differences (interactions) in the relation of body fatness to risk factors. On the basis of the data from girls in the Pediatric Rosetta Study, 30% body fat is at ϳ95th percentile at the age of 7 years but is only slightly greater than the 50th percentile at the age of 15 years. Although the health effects of 30% body fat are likely to differ between 7-and 17-year-old girls, the possibility of age modification was not considered in the analyses that derived the 25% and 30% cut points. 30 Despite the added complexity, it is likely that excess body fatness should be defined relative to a child's gender and age peers in much the same way that BMI cut points among children have been constructed. However, there is little agreement on the cut points that should be used to classify excess body fatness. 13 Various techniques and samples have been used to estimate gender-and age-specific percentiles (eg, 85th, 90th, and 95th) of body fatness, 18,34-37 as well as age-specific levels that correspond to the percentage body fat of a typical 18-year-old with a BMI of 30 kg/m 2 . 36, 38 Children with body fatness above these cut points have been classified as having excess body fatness. Other studies 39, 40 have used "prevalence matching," in which cut points were chosen so that the prevalence of children with excess body fatness (within gender and age groups) would be approximately equal to the prevalence of children considered to be obese or overweight on the basis of their BMI.
It has been noted 36 that an important limitation of all published cut points for excess body fat is the lack of clinical correlates underlying the classification systems. However, because the relation of childhood body fatness to disease is likely to be influenced by the adult level of adiposity, it may be difficult to derive childhood cut points from longitudinal studies that would last many decades.
RELATION OF BMI TO BODY FATNESS
Among adults, BMI is moderately correlated with adiposity, frequently accounting for ϳ75% of the variability (multiple R 2 ) across subjects. The magnitudes of the observed associations among children have varied considerably, and relatively weak associations have been reported in several subgroups. [41] [42] [43] [44] It is possible that these differences reflect the difficulties involved in using BMI to estimate the body fatness of relatively thin children. Although BMI is "almost useless as an estimator of percentage of body fat in normal-weight children," 3 its accuracy increases with the degree of body fatness. One study, 42 for example, found the relation of BMI to skinfold thicknesses to be nonexistent (r ϭ 0.01) among relatively thin boys but moderate (r ϭ 0.58) among fatter boys. The differing associations between BMI and body fatness across studies may largely reflect differences in the fatness of examined subjects.
Analyses of the DEXA-estimated body fatness of children have confirmed that associations with BMI for age vary considerably according to the degree of body fatness. Fig 1 shows the estimated (cross-sectional) relation of BMI for age to levels of FMI and FFMI at ages 6 and 17 years among 1196 children in the Pediatric Rosetta Study. 25 The relation of BMI for age to FMI was nonlinear, with fat mass increasing substantially only at BMI-for-age z scores of Ͼ1.0 (ϳ85th CDC percentile). In contrast, the relation of BMI for age to FFMI was fairly linear, with a positive association seen even among children who had a BMI at Ͻ50th CDC percentile.
Stratified analyses confirmed that the degree of fatness modified the relation of BMI for age to body fatness. 25 BMI levels among thin 5-to 8-year-old boys, for example, showed a much stronger association with FFMI (r ϭ 0.83) than with FMI (r ϭ 0.22), whereas BMI levels were strongly associated with body fatness (r ϭ 0.96) among relatively heavy (BMI Ն 85th CDC percentile) boys. Even in this relatively heavy subgroup, however, BMI for age was moderately correlated with FFMI (r ϭ 0.57).
Longitudinal analyses have also shown that increases in the BMI of adolescent boys, but not girls, largely reflect increases in FFMI rather than in FMI. 2 Furthermore, these increases in FFMI were seen even among boys who had a BMI between the 85th and 94th CDC percentiles. BMI differences among normal-weight children (and BMI changes among these children) can largely reflect differences in fat-free, rather than fat, mass.
Identification of Excess Body Fatness by BMI
Although several investigators have examined the ability of a high BMI to identify children with excess body fatness, 18, 35, 45, 46 the results are difficult to compare. There are differences in the (1) methods (skinfolds, DEXA, etc) used to estimate body fatness, (2) cut points used to classify high levels of both BMI and body fatness, and (3) statistics used to summarize the screening performance of BMI.
The accuracy of a high BMI in identifying children with excess body fatness has frequently been summarized by calculating the (1) sensitivity (proportion of children with excess body fatness who have a high BMI), (2) positive predictive value (proportion of children with a high BMI who have excess body fatness), and (3) specificity (proportion of children without excess body fatness who do not have a high BMI). It should be realized, however, that the cut points chosen for high levels of BMI and body fatness can strongly influence estimates of screening performance. For example, even if BMI for age and body fatness were perfectly correlated, if the prevalence of excess body fatness was 2 times higher than the prevalence of a high BMI, the maximum sensitivity would be 50% rather than 100%. In contrast, if the prevalence of a high BMI was twofold higher than that of excess body fatness, the positive predictive value could be no higher than 50%.
Although it is frequently stated that a high BMI is not a sensitive indicator of excess body fatness, 35,45-49 a low sensitivity may reflect a low prevalence of children with high BMI levels (relative to those considered to have excess body fatness) rather than the poor performance of BMI in detecting excess body fatness. For example, reported sensitivities of almost 0 in some subgroups are almost certainly a re-
FIGURE 1
Predicted levels of FMI and FFMI at ages 6 (left) and 17 (right) years according to BMI-for-age z score in the Pediatric Rosetta Study; the solid lines represent boys, and the dashed lines represent girls. Regression models were based on 1196 children and included gender, age, BMI for age, race, and various interactions as predictor variables. A BMI-for-age z score of 1.0 is ϳ84th percentile, and a z score of 2.0 is ϳ98th percentile.
sult of large differences in the prevalences of high BMI levels (Ͻ10%) and excess body fatness (up to 66% in some groups on the basis of a bodyfatness cut point of 30%) among examined subjects. 45 Furthermore, differences in the performance of various BMI cut points, 49 including populationspecific versus international cut points, 50 may also be largely due to differing prevalences of high BMI levels based on different classification systems. The potential influence of the cut points used for levels of BMI and body fatness on the screening performance of BMI can be large and must be considered when interpreting the results of various studies. It would be helpful if investigators consistently reported the prevalences of children with high BMIs and those with excess body fatness.
Analyses from the Pediatric Rosetta Project have indicated that a high BMI for age is a good index of excess body fatness, 37, 51 and Fig 2 shows levels of percent body fat versus age for the 626 boys (left) and the 570 girls (right) in this study. Because ϳ15% of the children were obese (Ն95th CDC percentile), the 85th percentile of percent body fat (in the sample) was used for the classification of excess body fatness; these percent-body-fat cut points were estimated at each age by using quantile regression. 52 If a high BMI could perfectly classify excess body fatness, all obese children (triangles) would be above the smoothed lines and all nonobese children (gray points) would be below the lines. Despite the obvious errors, the classification is fairly good: most children with a BMI at Ն95th CDC percentile had excess body fatness, and most nonobese children did not. Additional analyses (not shown) indicated that ϳ80% of the false-positives (obese children who did not have excess body fatness) had a BMI for age between the 95.0th and 96.9th percentiles of the CDC reference population.
The ability of obesity (BMI Ն 95th CDC percentile) to correctly identify children with excess body fatness can be summarized in 2 ϫ 2 tables (Table 1) .
Of the 103 obese boys (2 upper-left cells), 75 had excess body fatness (positive predictive value ϭ 73%), whereas the sensitivity was 74% (75 of 102). There were similar estimates (75%) of the positive predictive value and sensitivity among girls, and the specificity was high (ϳ95%) among both boys (496 of 524) and girls (465 of 486). Analyses based on the 85th percentile of FMI, rather than percent body fat, yielded slightly higher (81%-86%) positive predictive values but similar estimates of sensitivity and specificity (not shown). The use of the 99th CDC percentile of BMI for age (bottom of Table 1 ) increased the specificity and positive predictive value to 100% (all children with these high BMI levels, represented by the open triangles in Fig 2, had excess body fatness) . However, most children with excess body fatness did not have a BMI for age at Ն99th CDC percentile, resulting in a sensitivity of only 20% (22 of 102 and 17 of 84; Table 1 ).
In contrast to obese children, most children who have a BMI for age between the 85th and 94th percentiles (overweight) do not have excess body fatness. 40 For example, of the 200 overweight children in the Pediatric Rosetta Study, only 18% (positive predictive value) had a percent-body-fat level at or above the age-specific 85th percentile. (The corresponding positive predictive value for the 95th CDC per- centile was Ͼ70%.) Another 50% of overweight children in the Pediatric Rosetta Study had a moderately elevated body-fatness level, with levels of percent body fat corresponding to their moderately elevated BMI levels (85th-94th percentiles), whereas ϳ30% of overweight children had a body-fatness level that was comparable to that among normal-weight children. 40 Analyses from the Bogalusa Heart Study have also shown that relatively few (13%) overweight children have elevated skinfold thicknesses. 26 It is likely that BMI levels considered to be "overweight" on the basis of the 2000 CDC growth charts can be a result of moderate increases in levels of either fat or fat-free mass. 25 The screening accuracy of BMI can also be summarized by the area under the receiver operator characteristic curve (AUC). 53 This statistic accounts for the inherent trade-offs between sensitivity and specificity obtained with various BMI cut points and can be interpreted as the probability that the BMI for age of a randomly selected child who has excess body fatness would be higher than the BMI for age of a child without excess body fatness. On the basis of this statistic, BMI for age was a good indicator (AUC ϳ 0.95; the maximum is 1.0) of excess body fatness among both boys and girls in the Pediatric Rosetta Study. Although the AUC can be somewhat difficult to interpret, it provides a more complete representation of the screening performance of BMI for age than do estimates of sensitivity, positive predictive value, and specificity obtained from a single BMI cut point.
Racial Differences in BMI and Body Fatness
The body fatness of adults differs according to race/ethnicity: at equivalent levels of BMI and age, white adults have less body fat than Asian adults 54 but more than black adults. 55 On the basis of these findings, along with possible differences in the relation of body fatness to disease risk, it has been suggested that BMI cut points be lowered among Asian adults 56 and raised among black adults. 55 This could result in BMI cut points identifying similar levels of body fatness (and possibly, risk) across race/ethnicity groups. There have been fewer studies of differences in the body composition of children, but black/white differences in body fatness have been noted by several investigators. 55, 57 Analyses from the Pediatric Rosetta Study 58 have confirmed that there are differences in the DEXA-estimated body fatness of white, Asian, and black children (Fig 3) . At comparable levels of BMI for age, the estimated body fatness of black girls (and boys) was ϳ3% less than that of white children, but the white/Asian difference varied substantially across levels of BMI for age (Fig 3, right) . Among relatively thin (BMI Ͻ 50th CDC percentile) girls, for example, Asians had a mean (adjusted) level of body fatness that was ϳ2% higher than that of whites. In contrast, obese white girls had ϳ2% to 3% more body fatness (at the same BMI level) than did obese Asian girls. Some results have also suggested that the increased body fatness of Asian (versus white) adults may be most evident at low BMI levels. 59 These racial differences in body fatness, however, are much smaller than is the mean (15%-20%) difference in percent body fat between nonobese and obese children. Therefore, the influence of race/ethnicity on the ability of high BMI levels to identify excess body fatness is uncertain. (An additional complication is that the association between child and adult BMI levels may differ according to race/ethnicity.) The interaction between BMI for age and race/ethnicity in the estimation of body fatness, however, suggests that it may be difficult to identify equivalent levels of body fatness by simply adjusting BMI for the average difference in body fatness across race/ethnicity groups.
FIGURE 3
Predicted levels of percent body fat among girls based on BMI for age, race, age, and the interaction between race and BMI for age in the Pediatric Rosetta Study. The lines represent white (gray line), black (dashed black line), and Asian girls (dotted black line). Left, predicted levels of body fatness (at age 12 years) according to levels of BMI for age; the multiple R 2 was 0.82. Right, Differences in body fatness of black and Asian girls relative to white girls.
CHILDHOOD BMI AND HEALTH RISKS
Cross-Sectional Associations With Cardiovascular Disease Risk Factors
Several reviews have focused on the short-term and long-term consequences of childhood obesity, 19, [60] [61] [62] and high BMI levels have consistently been found to be associated with cardiovascular disease risk factors such as insulin resistance, dyslipidemia, and increased blood pressure. The relation of BMI for age to the clustering of multiple risk factors was recently analyzed in a large (n ϳ 10 100) sample of children and adolescents from the Bogalusa Heart Study. 26 On the basis of these associations, the proportion of children with at least 2 (of 5) risk factors increased from 5% (Ͻ25th CDC percentile) to 59% (Ն99th CDC percentile) with increasing levels of BMI for age (Fig 4) . Furthermore, the observed associations were markedly nonlinear, with substantial increases in the prevalence of multiple risk factors seen only at high levels of BMI for age. Of the 226 children who had a BMI for age at Ն99th CDC percentile, 84% had an adverse level of at least 1 risk factor.
Tracking of Childhood BMI Into Adulthood
An important criterion of the validity of childhood BMI is its relation to adult obesity, and almost all longitudinal studies have found that BMI levels track throughout life. Children with high BMI levels are more likely to become obese adults than are thinner children. [60] [61] [62] [63] [64] Although some negative findings have been reported, these may be a result of the relative thinness of the examined children (eg, children born in the United Kingdom in 1947 65 ), and it is likely that these results are not applicable to the current levels of body fatness seen among US children. Differences in the BMIs of relatively thin children are likely to reflect differences in fat-free mass rather than fat mass. 25 The strength of the association between levels of BMI in childhood and adulthood increases with childhood age, 19 and positive predictive values of childhood obesity (Ն95th CDC percentile) for adult obesity have ranged from ϳ0.35 (BMI assessed at the age of 5 years) to 0.57 (assessed at the age of 15 years). 66 These estimates, however, are strongly influenced by the prevalences of obesity among children and adults and were based on only 347 subjects. A much larger longitudinal study 67 revealed that, even when childhood BMI was assessed between the ages of 6 and 8 years, the prevalence of adult obesity was Ͼ10 times greater (78% vs 6%) among obese (Ն95th CDC percentile) children than among those with a BMI at Յ50th percentile. As assessed by the correlation between childhood BMI for age and adult BMI, the magnitude of the association was only slightly weaker among subjects who were initially examined at the ages of 6 to 8 years (r ϳ 0.6) than at the ages of 15 to 17 years (r ϳ 0.7).
Other characteristics such as the length of follow-up, race/ethnicity, parental fatness, birth weight, timing of sexual maturation, socioeconomic status, and physical activity may influence the tracking of childhood BMI. 63 Although an early adiposity rebound has also been suggested to increase the risk for adult obesity, a young age at the BMI nadir may simply identify children whose BMI for age is high or moving upward. 68 It is likely that equivalent information can more easily be obtained from a single BMI measurement at the age of 7 years. 69
ADDITIONAL INFORMATION FROM SKINFOLD AND CIRCUMFERENCE MEASUREMENTS Skinfold Measurements
Skinfold thicknesses have often been considered an attractive, noninvasive tool for estimating the amount of subcutaneous fat. Although a single measurement (or set of skinfolds) provides a more accurate estimate of body fatness than does BMI for age, relatively small differences in the relation of percent body fat to BMI versus skinfold thicknesses have been reported. 17 Furthermore, skinfolds can be subject to large measurement errors, which makes their interpretation
FIGURE 4
Relation of BMI for age to the proportion of children in the Bogalusa Heart Study with the specified number of risk factors. The maximum number of risk factors was 5 and included adverse levels of triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, fasting insulin, and either systolic or diastolic blood pressure. Curves were smoothed by using LOWESS (locally weighted scatterplot smoothing).
problematic if examiners have not been trained extensively. 14 The optimal sites for skinfold-thickness measurements are also uncertain, and some sites require disrobing. These measurements have not been recommended as part of a routine examination, 5 72 Although skinfold thicknesses may be useful in identifying nonobese children who truly have excess body fatness, the large measurement errors may preclude their widespread use.
Circumferences
Body-fat patterning influences the risk of type 2 diabetes and cardiovascular disease among adults, and abdominal obesity is associated with metabolic disorders among children and adolescents. However, because of the strong intercorrelation between fat patterning and the amount of body fatness, the additional information conveyed by body-fat distribution remains uncertain.
Several recent studies of children and adolescents focused on the waist-toheight ratio (WHtR), an index of abdominal obesity that seems to be (at least) as strongly correlated with various metabolic complications as is BMI. 73, 74 The use of WHtR also has the potential to simplify the assessment of obesityrelated risk. 75 Whereas a child's BMI must be expressed relative to his or her gender and age peers, it may be possible to use a single WHtR cut point (0.5) to identify children and adults at increased risk, because levels vary only slightly according to gender and age. It is also possible that the concept of a large waist relative to height, both of which are expressed in the same units, may be easier to explain to children and parents than is the division of weight (kg) by height (m) 2 (or 703 times the division of pounds by inches squared).
There are, however, several limitations of WHtR: there have been few longitudinal studies on the relation of childhood WHtR to adult levels; numerous locations have been recommended for the measurement of the waist circumference 15, 76 ; and the measurement error for waist circumference is greater than those for weight and height. 14, 74 In addition, we have found that WHtR provides relatively little additional information (among all children) on riskfactor levels if BMI is already known. 74 
CONCLUSIONS
The accuracy of BMI as an indicator of adiposity varies substantially according to the degree of body fatness. Among relatively fat children, BMI is a good indicator of excess adiposity, but differences in the BMIs of relatively thin children (eg, BMI for age Ͻ85th CDC percentile) can be largely due to differences in fat-free mass. If appropriate cut points for both BMI and body fatness are selected, so that the prevalences of high levels of each characteristic are approximately equal, a BMI for age at Ն95th CDC percentile has moderately high (70%-80%) sensitivity and positive predictive value, along with high specificity (95%), for identifying children with excess body fatness. As compared with thinner children, overweight children (85th-94th CDC percentiles) are also more likely to have adverse levels of multiple risk factors and to become obese adults; their risks, however, are lower than those of obese children.
Skinfold-thickness and circumference measurements require additional training and may be difficult to standardize, and there is little information to support their use in the general assessment of body fatness and health risks. The additional information supplied by these measurements among overweight children, beyond that conveyed by BMI for age, is uncertain.
